A sonographic examination of the neck performed 6 to 12 months after thyroid surgery in patients with differentiated thyroid cancer is strongly recommended by the American Thyroid Association and considered mandatory by the European Thyroid Association for locoregional surveillance. The aim of this article is to review the normal anatomic changes expected after thyroid surgery and the pathologic mimics of thyroid carcinoma recurrence in post-thyroidectomy patients as they appear on neck sonography. We hope to offer some pearls to increase diagnostic confidence in this setting.
N eck sonography plays a key role in the surveillance of postthyroidectomy patients for the detection of locoregional papillary thyroid cancer recurrence in both low-and highrisk patients. It is important for those who interpret these examinations to be familiar with the typical findings of tumor recurrence in the postoperative neck as well as the potential pitfalls in sonographic technique that may result in the failure to detect or the misinterpretation of lesions. Additionally, it is essential to recognize the expected postoperative changes in the central and lateral neck as well as other abnormal conditions that can mimic locoregional recurrence.
Locoregional Thyroid Cancer Recurrence
Metastatic papillary thyroid carcinoma can manifest as a tumor in the thyroidectomy bed, cervical lymphadenopathy, or distant metastasis, most commonly to the lungs. 1 The rate of recurrence is reported to range from 9% to 30%, depending on risk stratification. 2 Most recurrences, up to 76% in one report, 3 occur in the cervical lymph nodes and thyroidectomy bed. Within the lateral neck nodes, approximately 50% of metastases occur in levels III and IV and most of the remainder in level VI, 4 with level II metastases being uncommon. 5 Unilateral cervical metastases are most frequently located on the same side as the initial thyroid tumor, but up to 16% occur bilaterally.
detecting metastatic disease compared with 57% and 45% for withdrawal-aided thyroglobulin (Tg) testing and radioactive iodine scanning, respectively. 7 Therefore, cervical sonography has become the primary imaging modality for surveillance. The American Thyroid Association recommends sonography at 6 to 12 months after surgery and then periodically, depending on the patient's risk for recurrent disease and Tg status. 8 
Anatomy and Sonographic Evaluation
A complete evaluation includes assessment of both the central and lateral compartments. The central compartment is defined as the region between the medial borders of the common carotid arteries, extending from the hyoid bone superiorly to the innominate artery inferiorly. 8 The central neck compartment contains Figure 1 . Normal findings. A, Normal sonographic appearance of the thyroidectomy bed. Grayscale transverse image of the left thyroidectomy bed shows the normal echogenic appearance of the thyroidectomy bed (arrow), located lateral to the trachea (T) and medial to the common carotid artery (C). Note the strap musculature and sternocleidomastoid muscle anteriorly (SM and SCM) and the esophagus (E) posteriorly. The vagus nerve is also visible in the carotid sheath (arrowhead). The echogenic curvilinear structure posterior to the esophagus is the cervical vertebra (see also Video 1). B, Normal lateral cervical lymph node. Color Doppler transverse image shows a sonographically normal lymph node with an echogenic hilum and central vascularity (arrow). Note the sternocleidomastoid muscle, transverse process of the cervical vertebra (TP; dotted line) and anterior and middle scalene muscles (ScA and ScM) and nerve root (arrowhead). paratracheal and prelaryngeal (Delphian) nodes (level VI nodes) and extends into the upper mediastinal level VII lymph nodes. The lateral compartment, on each side, extends from the mandible to the level of the clavicle. The anterior lateral compartment is bounded medially by the medial border of the common carotid artery and laterally by the posterior border of the sternocleidomastoid muscle and contains the level II-IV lymph nodes. 9 Level V lymph nodes are those in the posterior lateral compartment and lie posterior to the border of the sternocleidomastoid muscle. Correct localization of abnormalities to the appropriate compartment is critical, as the central and lateral necks are considered different surgical regions.
For optimal sonographic evaluation, we position the patient with the neck extended and evaluate the lateral and central compartments with a high-frequency linear transducer (typically a 12-MHz linear transducer), unless a lower-frequency transducer is required because of patient size. The inferior central neck/superior mediastinum is also evaluated with an 8-MHz curvilinear transducer, as this area is often suboptimally visualized with the linear transducer. The smaller footprint of the curvilinear transducer allows better surface contact in the suprasternal notch, and the lower frequency minimizes sound attenuation that occurs when imaging the deep tissues of the upper mediastinum. Color Doppler imaging is performed for any potential abnormality, with settings adjusted to optimize sensitivity to detect abnormal vascularity. Although the patient's head may be rotated to the side during the sonographic evaluation, the patient's head should be in a neutral position when localizing an abnormality to ensure placement in the correct anatomic compartment. 10 
Normal Sonographic Appearance After Thyroidectomy
The post-thyroidectomy surgical bed is typically seen as an inverted triangular hyperechoic area on transverse imaging of the paratracheal area, reflecting fibrofatty connective tissue and scarring, 11 sometimes with visible surgical clips ( Figure 1A and Video 1). The strap muscle and sternocleidomastoid muscle are visible anteriorly, the paravertebral muscles posteriorly, the common carotid artery laterally, and tracheal-laryngeal structures medially. The esophagus is also typically visible in the left central neck. Very small (<5-mm) hypoechoic soft tissue structures may be seen in up to 34% of patients 12 and are often considered clinically unimportant in the absence of suspicious features, 11 such as cystic changes, calcifications, or marked vascular flow. These structures could represent normal central compartment nodes, parathyroid glands, or potentially a very low burden of Figure 3 . Metastatic lymph node from papillary thyroid carcinoma. Grayscale images of a right level IV lymph node show a mixed cystic and solid lymph node containing punctate echogenic foci (arrows), representing colloid or microcalcifications, both of which are associated with metastatic papillary thyroid carcinoma. Figure 3 shows a mixed cystic and solid lymph node with anechoic cystic areas and echogenic solid areas that are markedly vascular. The appearance of these lymph nodes is characteristic of nodal metastasis from papillary thyroid carcinoma. metastatic disease to the paratracheal nodes. Typically, they are noted and followed for progression with routine surveillance sonography. 8 In healthy adults, cervical lymph nodes are commonly sonographically visible, 13 with a typical examination showing at least 5 normal-appearing nodes. Normal lateral cervical lymph nodes ( Figure 1B ) are characterized by a reniform shape, an echogenic hilum with branching hilar vascularization or an avascular appearance, and a short axis of less than 8 mm in level II and less than 5 mm in levels III and IV. 9, 14 However, not all normal lymph nodes have this classic appearance. For example, lymph nodes in the submandibular regions are often rounder and larger than elsewhere, 9 and small lymph nodes may not manifest an echogenic hilum. 4, 9, 15 In such cases, other sonographic findings, such as preserved central hilar arborizing flow and a normal echotexture, are reassuring. . With the head in the neutral position (A), the lymph node (arrow) is seen to be located in the lateral compartment of the neck (lateral to the dotted line, which marks the medial border of the common carotid artery). When the head is turned to the right and scanned from an angle (B), the lymph node (arrow) now projects medial to the dotted line, which simulates a lymph node located in the central neck. Typically, central compartment nodes are not this superficial in location, an important consideration when assessing the true anatomic location of the node.
Locoregional Recurrence
Local Recurrence Thyroid bed recurrence (Figure 2 ) typically manifests as a hypoechoic hypervascular soft tissue lesion, which may also have a taller-than-wide shape, irregular margins, and occasionally microcalcifications or cystic components. 11, 14, [16] [17] [18] Hyperechoic lesions in the thyroid bed tend to be benign and represent fibrofatty connective tissue, scarring, or a markedly fatty replaced node in which the rim of nodal parenchyma is difficult to see.
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Metastatic Lymphadenopathy Metastatic nodes from papillary thyroid carcinoma often have at least one of the following characteristics: microcalcifications, cystic regions, peripheral or diffusely , an appearance typical of thyroid remnant. The echogenicity of thyroid remnant is typically less than that of the normal thyroid but greater than strap muscle. In our experience, patients without a history of radioiodine ablation are much more likely to have a visible thyroid remnant than patients treated with radioiodine ablation (see also Video 2; different patient).
increased vascularization, focal hyperechoic regions, and size of 8 mm or larger and 10 mm or larger in the short axis for central and lateral neck nodes, respectively (Figures 3 and 4) . 8, 10, 14, 19, 20 Although papillary thyroid cancer tends to be hypoechoic when seen in the thyroid gland, nodal metastases may appear as eccentric hyperechoic lesions in the cortex of the node or may entirely replace the node, causing it to become rounded, enlarged, and diffusely hyperechoic. 19 Note that while metastatic lymph nodes are often larger than normal lymph nodes, it is well recognized that the diameter is not a good discriminator for malignancy, as small nodes Figure 9 . Cricoid cartilage mimicking a thyroid bed lesion. A and B, Transverse (A) and sagittal (B) grayscale images show a structure in the left thyroid bed (calipers) mimicking a thyroid bed lesion. An identical structure was measured on the right (see also Video 3). This structure can be recognized as normal cricoid cartilage by the symmetric appearance around the trachea (resulting in an "arch" shape; see also Video 4), by the location immediately caudal to the thyroid cartilage, and the lack of vascularity. Figure 10 shows a hypoechoic focus (calipers) measured as a possible central bed lesion. In both cases, the key to appropriate diagnosis is to localize the finding to the thyroid cartilage, which may be recognized by the characteristic triangular shape and location above the cricoid. may harbor tumor ( Figure 5 ), and enlarged lymph nodes that are otherwise sonographically normal are often benign. 4 Similarly, a rounded shape and lack of a visible hilum are findings with poor specificity. 4 Regarding management, suspicious lymph nodes that are larger than 8 to 10 mm in their smallest dimension should undergo fine-needle aspiration (FNA), whereas smaller lymph nodes may be followed sonographically without FNA. 8 
Pitfalls in Technique
Proper technique optimizes the yield of the sonographic study. The following pitfalls in technique should be kept in mind.
Head Positioning
Because therapeutic central or lateral compartmental neck dissection is often performed for biopsy-proven recurrent disease, accurate localization of the abnormality to the central or lateral neck is crucial to ensure that the correct surgery is performed. We advocate scanning the neck with the head in a neutral position when determining the location of a node, as turning the head right or left may result in lesions "appearing" in a different compartment ( Figure 6 ).
Low Central Neck/Superior Mediastinum
Meticulous scanning to include the substernal space is essential in a complete sonographic evaluation. Lesions below the sternal notch ( Figure 7 ) may be more easily detected by using a lower-frequency transducer with the neck in the extended position.
10 Figure 12 . Cervical thymus in a 36-year-old woman. Dual-screen grayscale image depicts a structure in the inferior central neck (calipers) with punctuate echogenic foci (arrows), which potentially could be mistaken for microcalcifications in a thyroid bed recurrence (see also Video 5) . However, several features should permit confident diagnosis of a cervical thymus, including the characteristic location in the inferior neck, the pliable nature of the tissue, which is readily deformable by physiologic motions, the triangular appearance, and the characteristic starry sky echotexture reflecting the combination of fat and lymphoid tissue. Figure 13 . Middle cervical sympathetic ganglion mimicking a thyroid bed lesion. A, Transverse grayscale image depicts a hypoechoic structure in the right thyroidectomy bed (arrow), initially thought to represent a lymph node. B, Subsequent sagittal grayscale image reveals a spindleshaped lesion (large arrow) contiguous with a nerve (small arrow), located adjacent to the inferior thyroidal artery (arrowhead). This appearance and location are characteristic of the middle cervical ganglion. Fine-needle aspiration of this structure should be avoided, as injury to sympathetic ganglia may result in Horner syndrome.
Incorrect Doppler Settings
The color Doppler settings should be set to high sensitivity, with a low wall filter and low scale to allow detection of slow blood flow. 21 For optimal sensitivity, color gain should be increased until background noise is visible, followed by a reduction of the gain until the noise disappears. 21 Excessive compression of the lymph node should be avoided, as it may efface or reduce vascularity. Care should be taken, as sometimes hypervascularity may be the only finding of a pathologic lymph node.
Mirror Image From the Trachea
The large, smooth air-mucosal interface of the trachea acts as a mirror, 22 resulting in echoes within the trachea that duplicate or "mirror" the overlying soft tissues. These echoes may be mistaken for a pathologic abnormality if not recognized as artifactual by the characteristic location and the dependence on transducer orientation. Terminal aspect of the thoracic duct mimicking a cystic lymph node. A, Color Doppler dual-screen image shows a cystic structure (arrows) initially thought to represent a pathologic lymph node. B and C, Subsequent images obtained when the patient presented for biopsy revealed a tubular extension (arrows) from the cystic structure extending toward and communicating with the internal jugular vein (IJ) near the venous angle (junction of internal jugular vein and subclavian vein), characteristic of the terminal aspect of the thoracic duct (see also Video 6). Other features that increase diagnostic confidence include compressibility and internal particulate motion (see also Videos 6 and 7) due to chylous flow. Figure 15 . Transverse process of the cervical spine mistaken for a calcified lymph node. Transverse grayscale image of the right lateral neck shows an echogenic shadowing finding (calipers) mistaken as a calcified lymph node. However, the shadowing structure is part of the transverse process (small arrows), which can be recognized by contiguity with the vertebral body (large arrow) and by the presence of multiple similarappearing, regularly spaced findings in the lateral neck (see also Video 8).
Normal Structures That May Mimic Disease
Residual Thyroid or Regrowth of a Thyroid Remnant In near-total thyroidectomy, typically all gross thyroid tissue is removed, with the exception of a small remnant necessary to preserve the recurrent laryngeal nerve. 10 Therefore, remnant thyroid tissue is often located near the ligament of Berry, 23 which is attached to the inferior margin of the cornu of the cricoid. 24 Shin et al 11 reported that 8 of the 59 sonographically detected biopsy-proven thyroid bed abnormalities in their study were found to represent remnant thyroid tissue. In that study, thyroid remnants were isoechoic or hypoechoic and were mostly oval or triangular ( Figure 8 and Video 2). In our experience, it is very uncommon to visualize a thyroid remnant in patients treated with radioiodine.
Thyroid and Cricoid Cartilage
It is important to be aware of the normal sonographic appearance of the cricoid and thyroid cartilage. 25 The cricoid cartilage may be mistaken for a soft tissue mass ( Figure 9 and Videos 3 and 4), as the sides of the cricoid Figure 16 . Nerve root mistaken as a lymph node. A, Sagittal color Doppler image shows a hypoechoic structure (arrow) thought to represent a lymph node by the sonographer. B, Corresponding grayscale image more clearly shows contiguity of the finding with a cordlike structure (arrow), consistent with a cervical nerve root. Note the other adjacent cervical nerve roots (arrowheads), which appear as regularly spaced cordlike structures exiting the neural foramina (see also Video 9) . The proximity to bone and contiguity with a cordlike structure are the keys to correct identification of the structure. ring appear as hypoechoic round or ovoid structures on sagittal views. [26] [27] [28] Calcifications within the cricoid cartilage can be seen sonographically as internal punctate hyperechoic foci. 26 The key to the correct diagnosis is to recognize the archlike symmetry of the cricoid cartilage and its classic location just caudal to the thyroid cartilage.
The thyroid cartilage appears as a hypoechoic inverted V-shaped structure on transverse imaging, within which lies the true and false vocal cords. 28 The thyroid cartilage may contain calcifications and hypoechoic rests, both of which may be mistaken for abnormal central neck lymph nodes (Figures 10 and 11) . The key is to recognize the location of these "lesions" as within the thyroid cartilage.
Normal Cervical Thymus A normal thymus can have a cervical component, which extends superiorly from the anterior mediastinum lying just below the lower poles of the thyroid on both sides or either side of the neck. 29 Cervical extension of the thymus is encountered in about two-thirds of children and approximately one-third of young adults and is a normal finding. 30, 31 The cervical extension of the thymus has well-defined margins and a fusiform or triangular configuration, with "starry sky" parenchyma ( Figure 12 and Video 5). This appearance is secondary to hyperechoic fat against the background of hypoechoic lymphoid tissue.
29,31
Normal Cervical Sympathetic Ganglion The cervical sympathetic ganglia comprise 3 paravertebral ganglia, with the middle ganglion of relevance because of its location at the lower level of the thyroid gland. 23 It is seen as an ovoid hypoechoic structure usually located lateral to the common carotid artery but can be seen medially as well. 32 On longitudinal imaging, the Figure 18 . Transverse grayscale image in a different postthyroidectomy patient shows a more typical granulomatous lesion, which appears as a hypoechoic mass (calipers) with central echogenic foci and minimal if any vascularity on color Doppler imaging (not shown). This lesion was biopsied 3 years previously, revealing "inflammation, multinucleated cells, and macrophages." Figure 19 . Surgicel mimicking tissue in the thyroidectomy bed. A and B, Sagittal (A) and transverse (B) grayscale images obtained 6 days after surgery show an isoechoic structure (calipers) with cystic spaces, mimicking the appearance of remnant thyroid tissue (see also Video 11). However, the lack of detectable vascularity on color Doppler imaging (not shown), as well as pathologic and surgical reports indicating complete thyroidectomy, and the recent postoperative state were clues to the correct diagnosis. Note that whereas Surgicel is usually resorbed within 4 to 8 weeks, residual Surgicel has been reported 26 to 47 months after surgery. Gelfoam may have a similar appearance.
fusiform configuration can sometimes be appreciated and is characteristic when it shows contiguity with other linear hypoechoic structures that represent sympathetic nerves ( Figure 13 ). 32 The inferior thyroidal artery usually lies posterior or close to the middle cervical sympathetic ganglion and acts as an anatomic marker. 23, 32 The cervical sympathetic ganglion should not be biopsied or ablated, as these procedures may result in Horner syndrome. 33, 34 Terminal Aspect of the Thoracic Duct The thoracic duct drains lymph from the lower half of the body and gastrointestinal tract into the cervical veins. Seeger et al 35 reported that 98% were seen to empty into the left venous angle, whereas 1% emptied into the right venous angle. Sonography can depict the cervical portion of the thoracic duct, where it arches up to the thyroid gland and enters the venous angle ( Figure 14 and Video 6). The thoracic duct diameter in healthy Figure 20 . Esophageal diverticulum in a post-thyroidectomy patient. A, Grayscale dual-screen image shows a rounded mass (calipers) in the left thyroidectomy bed containing echogenic foci, potentially mimicking a soft tissue mass. E indicates esophagus; and T, trachea. B, However, an additional sagittal grayscale image with a larger field of view better depicts the close relationship of the mass (arrows) to the esophagus, raising suspicion for a diverticulum (see also Video 12). The mass was found to vary in appearance across prior studies and during real-time sonographic evaluation, further confirming the diagnosis of an esophageal diverticulum. Figure 21 . Esophageal diverticulum in another patient. A, Grayscale transverse image in a different patient depicts a similar-appearing mass (large arrow) containing linear echogenic foci, a few of which produce dirty shadowing (small arrows), typical of gas. Although the relationship of the finding with the esophagus was not well visualized, the appearance was most consistent with an esophageal diverticulum, which was subsequently verified on a barium swallow (arrow in B).
volunteers was reported to be 2.5 mm but was found to increase to 13 mm in patients with liver cirrhosis or congestive cardiac failure. 35 Dilation of the terminal thoracic duct can be mistaken for lateral compartment cystic lymphadenopathy on sonography. However, the correct diagnosis can be established by demonstrating contiguity of the structure with the venous angle, as well as by showing the presence of internal slow flow due to the movement of chylous fluid (Video 7). Furthermore, one can apply pressure with the transducer to compress the thoracic duct, which should be completely compressible, compared with cystic nodes, which are not.
Transverse Processes of the Cervical Spine
The transverse processes of the cervical spine are easily visualized because of the strong reflectivity of the cortical Figure 22 . Parathyroid adenoma mistaken as thyroid bed recurrence in a patient who underwent thyroidectomy for papillary thyroid carcinoma 18 years previously. A and B, Transverse grayscale (A) and sagittal color Doppler (B) images show a hypoechoic hypervascular mass (calipers), which was thought to potentially reflect a nodal metastasis. Ultrasound-guided FNA was interpreted as "follicular neoplasm present." Subsequent excision revealed a "hypercellular parathyroid, consistent with a parathyroid adenoma, no carcinoma seen." This case highlights the difficulty in distinguishing a parathyroid adenoma from metastatic papillary thyroid carcinoma, both on cytologic analysis and imaging. If there is clinical or biochemical evidence of hyperparathyroidism, submitting the FNA aspirate for parathyroid hormone and Tg testing is important to differentiate among these possibilities. B) . This is the typical location and appearance of a thyroglossal duct cyst, which is not uncommonly seen as an incidental finding on post-thyroidectomy scans and should not be mistaken for a cystic nodal recurrence. Of note, the cyst should not have solid components or internal vascularity, which are features that would be concerning for papillary thyroid carcinoma associated with the cyst. bone ( Figure 15 and Video 8). 36 Hyperechoic prominences at the apex correspond to the anterior and posterior tubercles, and these can be distinguished on the transverse plane. 36 Recognition of the contiguity with the underlying vertebral bodies, as well as identification of the presence of multiple similar appearing regularly spaced structures, should help prevent misinterpretation of tranverse processes as calcified lymph nodes. Features that help distinguish neuromas from abnormal lymph nodes include a history of neck dissection, contiguity with a nerve, poorly defined margins, a heterogeneous echo texture, a fusiform shape, and lack of vascularity, as well as pain during attempted FNA.
Normal Nerve Roots
The cervical and brachial plexuses are formed by the lower 4 cervical and first thoracic nerves. 23 These large nerve fascicles have a hyperechoic circular or oval rim with the interior of the nerve appearing hypoechoic and granular or "striated," with parallel echogenic lines. 23, 37, 38 The nerve roots exit from between the anterior and posterior tubercles of the vertebral body and subsequently travel between the anterior and middle scalene muscles and deep to the sternocleidomastoid muscle. 23 Recognizing the cordlike appearance, tracing the structure back to the vertebral body, and identifying similar-appearing regularly spaced structures are key features in differentiating nerves from lymph nodes ( Figure 16 and Video 9).
Central Neck Conditions That May Mimic Thyroid Cancer Recurrence
Surgical Material Suture granulomas are benign inflammatory lesions that may occur in response to nonabsorbable suture material and are characterized pathologically by a histiocytic reaction to the foreign material. 39, 40 They have been described as irregular and heterogeneous, mostly hypoechoic, and containing central/paracentral echogenicity that is usually larger than 1 mm (Figures 17 and 18 and Video 10). 39 Suture granulomas also tend to regress over time. . Fine-needle aspiration was unsuccessful because of severe pain as soon as the needle tip entered the mass. C, Axial fat-saturated T2-weighted image from magnetic resonance imaging of the neck shows a T2-hyperintense mass corresponding to the sonographic finding. The magnetic resonance imaging features were consistent with a nerve sheath tumor. No pathologic results were available; however, the mass was stable in size for 6 years. The sonographic appearance of absorbable surgical hemostatic material, including absorbable gelatin compressed sponges (Gelfoam; Pfizer, Inc, New York, NY) and oxidized cellulose (Surgicel; Johnson & Johnson, New Brunswick, NJ) has also been reported. Although typically absorbed in 4 to 8 weeks, 41 both may persist in some patients for years, 42 appearing as a soft tissue lesion in the surgical bed. Gelfoam has been described as appearing as a nonvascular elongated echogenic lesion with a thin hypoechoic halo. 43 Surgicel (Figure 19 and Video 11) has been described as a well-defined nonvascular hypoechoic mass with punctiform internal echoes within. 42 In both cases, the absence of vascularity, welldefined margins, elongated shape, lack of calcifications, and temporal stability or involution are features that may help distinguish nonabsorbed surgical material from locally recurrent tumor.
Chronic Granulomatous Lesion
Chronic granulomatous lesions have been reported as a distinct entity from suture granulomas, differentiated from the latter by the absence of a foreign body on pathologic analysis. 44 They are also hypoechoic, poorly marginated lesions with central echogenicity, although they tend to be larger and may have complex cystic regions and peripheral vascularity. 45 Of note, these lesions usually occur within the sternocleidomastoid muscle or adjacent superficial soft tissues, which are uncommon sites for thyroid cancer recurrence in the absence of gross extracapsular spread at the time of initial resection. 44 Pharyngoesophageal Diverticulum Weakness around the cricopharyngeus muscle results in protrusion of the esophageal wall and the formation of a pharyngoesophageal diverticulum. These diverticula are usually found posterior to the left thyroid lobe, where they appear as masses with a peripheral hypoechoic border and variable internal echogenicity, depending on the mix of fluid and gas within the diverticulum (Figures 20  and 21 and Video 12). Therefore, these may mimic soft tissue masses with calcifications. 46 To achieve the correct diagnosis, it is important to recognize the relationship of the finding with the esophagus and to correctly characterize the internal echogenic foci as gas, based on 1 or more of the following features: reverberation artifact ("dirty shadowing"), "ring-down" artifact, variation with time, or variation/resolution with maneuvers such as swallowing. 46 In equivocal cases, the diagnosis may be readily confirmed with a barium swallow. Figure 29 . Reactive lymph node. Color Doppler image of the upper neck obtained during routine surveillance sonography shows an enlarged rounded level II lymph node that had increased in size compared to the prior study. Features that favored a reactive lymph node (over a metastatic lymph node from papillary thyroid carcinoma) included preservation of the normal arborizing flow pattern, level II location, as well as the absence of morphologic features with high specificity for papillary carcinoma. In addition, the patient reported tenderness over the area of lymphadenopathy as well as symptoms of an upper respiratory tract infection. Although it would have been reasonable to obtain short-term sonographic follow up, FNA was performed, which revealed a "mixed population of lymphocytes. No carcinoma," consistent with a reactive lymph node. The lymph nodes decreased in size on subsequent examinations. 
Parathyroid Adenoma
The American Thyroid Association strongly recommends that the parathyroid glands and their blood supply be preserved during thyroid surgery, which requires meticulous dissection. 8 Although normal parathyroid glands are usually not sonographically visible, a hypercellular parathyroid gland/parathyroid adenoma may be seen as an ovoid hypoechoic hypervascular mass in the central neck, potentially mimicking an abnormal level IV lymph node. 45 One potential distinguishing feature of a parathyroid adenoma is the pattern of flow on color Doppler imaging, with a "polar" feeding artery and peripheral "rim" or "arc" vascularity, in contrast to the central branching flow seen with lymph nodes. 47 In addition, calcifications and cystic changes are relatively uncommon in parathyroid adenomas. Finally, clinical findings of hyperparathyroidism may be present and suggest the diagnosis. Importantly, in cases in which parathyroid adenoma is a differential consideration, the fine-needle aspirate should be sent for both parathyroid hormone and Tg testing, as parathyroid adenomas and differentiated thyroid carcinomas may be indistinguishable on cytologic analysis alone ( Figure 22 ). 48 
Thyroglossal Duct Cyst
The thyroglossal duct originates at the foramen cecum and terminates at the caudal migration of the thyroid primordium. 49 If the duct fails to involute, a thyroglossal duct cyst can develop along its course. Eighty percent of thyroglossal duct cysts are located at or below the level of the hyoid bone and appear as well-circumscribed, typically anechoic or hypoechoic (due to proteinaceous content) cystic masses near the midline at the level of the hyoid or embedded in the strap muscle more inferiorly ( Figure  23) . 50, 51 In some cases, a tail may be visualized extending into the hyoid bone, which is a diagnostic feature. 49 Importantly, nodular vascular tissue within the cyst is a suspicious finding and would warrant further evaluation to exclude complication by a thyroid carcinoma. 49 It has been our experience that a thyroglossal duct cyst can be detected on routine sonographic surveillance in the postthyroidectomy patient despite no history of the lesion. It is uncertain whether these thyroglossal duct cysts are latent and then grow larger after the thyroidectomy.
Sternoclavicular Joint Degenerative Change
Osteoarthritis of the sternoclavicular joint manifests as a combination of joint space narrowing, osseous irregularity and osteophyte formation, cartilage irregularity, synovial thickening, and joint effusion. 52, 53 When exuberant, the synovial hypertrophy and joint effusion may sometimes appear as a hypoechoic structure that protrudes beyond the joint into the central neck, which can mimic a metastatic deposit ( Figure 24 and Video 13). However, identification of the relationship with the sternoclavicular joint should permit a correct diagnosis. Figure 31 . Calcified lymph nodes presumed to be due to sarcoidosis. A, Dual-screen grayscale image shows an enlarged hypoechoic lymph node with central calcifications, which could mimic a metastatic lymph node from papillary thyroid carcinoma, although the lack of hypervascularity (not shown) would be atypical. However, the patient had a long-standing history of sarcoidosis with extensive calcified lymphadenopathy (arrows in B), visible on an axial image from unenhanced chest computed tomography (B). In both of these examples of lymphadenopathy (Figures 30 and 31) , the diagnosis was suggested by the patient's history, and biopsy was not necessary. More frequently, tissue sampling is necessary to definitely characterize the lymphadenopathy.
Lateral Neck Conditions That May Mimic Metastatic Lymphadenopathy
Traumatic Neuromas Traumatic neuromas are the proliferative sequelae of an injured nerve's response to trauma, including that from surgery. After thyroidectomy, these are usually found posterolateral to carotid arteries. If located in the inferior lateral neck compartments, contiguity between the neuroma and cervical plexus may be visible, 54 or the nerve may be visualized entering or exiting the lesion. 45 In one study, 50% of the neuromas appeared as hypoechoic nodules with a central hyperechoic area, representing dense collagenous tissues in the resected specimens (Figures 25 and 26) . 55 The fusiform shape, poorly defined margins, internal echogenicity, direct contiguity with the cervical plexus, and general avascularity are features that help differentiate this finding from a nodal metastasis. A palpable nodule on sonography associated with a trigger point or paresthesia, 56 and pain during attempted aspiration 54 are findings that further increase confidence in diagnosing a traumatic neuroma.
Nerve Sheath Tumors
The most common neurogenic tumors are peripheral nerve sheath tumors, particularly neurofibromas and schwannomas. 57 Nerve sheath tumors typically appear as well-defined ovoid or fusiform hypoechoic masses with variable vascularity. [58] [59] [60] Schwannomas may also contain cystic spaces. The best clue is visualization of the connection to the nerve, which is nearly pathognomonic, 58 permitting differentiation of neurogenic tumors from other neck masses, including lymphadenopathy ( Figure 27 and Video 14). Identification of this finding may be particularly helpful in establishing the nature of a neck mass, as diagnosis of neurogenic tumors by cytologic analysis may be problematic. 61 
Paraganglioma
In the neck, paragangliomas usually arise from the carotid body or from the ganglia of the vagus nerve. 60 Those at the carotid body typically splay the bifurcation of the internal and external carotid arteries. Paragangliomas are usually hypoechoic highly vascular masses with low-resistance flow due to internal arteriovenous shunts ( Figure 28) . 60, 62 When the characteristic appearance and location are absent, evidence of catecholamine excess or uptake on iodine I 123 metaiodobenzylguanidine or indium In 111 pentreotide scintigraphy may establish the diagnosis. However, head and neck paragangliomas are often nonfunctioning, and scintigraphy has a falsenegative rate of up to 40%. 63 In such situations, ultrasound-guided FNA with a Tg wash may be performed to exclude metastatic lymphadenopathy, if necessary.
Benign Reactive Lymph Nodes
Reactive lymph nodes (Figure 29 ), which are lymph nodes that may be enlarged or more vascular in response to local inflammation or infection, are commonly seen in the neck, usually in the submandibular, upper cervical, and posterior triangle regions. 20 Sonographic features that may help distinguish reactive nodes from metastatic adenopathy from papillary carcinoma include a homogeneous echo texture and the absence of suspicious features, such as peripheral (nonhilar) vascularity, calcifications, and cystic spaces. 5, 20, 60, 64 Of note, size is usually not a good discriminator, as reactive nodes, especially in younger patients, can also be large. 10, 60 Other features that support a diagnosis of reactive lymphadenopathy include a location in the submandibular region, where metastatic disease from thyroid cancer is relatively uncommon, identification of a predisposing factor (eg, an upper respiratory illness), and a decrease in size on short-term sonographic follow up in 4 to 6 weeks. Figure 32 . Biopsy-proven type II branchial cleft cyst. Transverse grayscale image depicts a complex cystic lesion (calipers) lateral to the carotid artery (C) and medial to the submandibular gland (G), a location characteristic of a branchial cleft cyst. However, FNA is typically performed to exclude cystic lymphadenopathy from squamous cell carcinoma or thyroid carcinoma.
Lymphadenopathy From Other Diseases
The causes of cervical lymphadenopathy are legion and span nonmalignant and malignant diseases. In some cases, the sonographic appearance may be suggestive. For example, lymph nodes infiltrated with silicone appear as highly echogenic hypovascular lymph nodes with sound attenuation (Figure 30 ), resulting in a pattern that has been described as a "snowstorm" appearance. 65, 66 However, often there is an overlap in appearance between lymph nodes affected by the various disease processes (Figure 31) . 67 Therefore, correlation with the patient's history, prior imaging, laboratory evaluation, and sometimes ultrasound-guided FNA is necessary to distinguish metastatic papillary thyroid carcinoma from other etiologies of lymphadenopathy. Sending the specimen for Tg testing may add specificity, particularly in predominately cystic lymph nodes, for which obtaining adequate cellularity may be difficult.
Other Cystic Neck Masses
Congenital cystic masses of the neck are uncommon and are usually diagnosed in infancy and childhood. 50 The most common type is the thyroglossal duct cyst, which has been previously described. 50 Other cystic lesions, such as branchial cleft cysts, lymphangiomas, and bronchogenic cysts, can also pose as confounders on sonography, and although the correct diagnosis may be suggested by their sonographic appearance and location, 67 they often require either additional imaging or ultrasound-guided FNA to establish the diagnosis (Figures 32 and 33 ).
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Conclusions
Sonography is the most sensitive modality for detecting locally recurrent tumors and regional nodal metastasis and therefore is an integral component of postthyroidectomy surveillance. However, a wide variety of benign findings may be visualized in the postoperative neck, potentially mimicking recurrent disease. Therefore, familiarity with the characteristic appearance of recurrent papillary thyroid carcinoma and the differential considerations are important to ensure appropriate treatment of post-thyroidectomy patients. Although the imaging appearance may be diagnostic, it is important to be aware that ultrasound-guided FNA may still be necessary in some cases, especially if the clinical suspicion is high based on rising Tg levels and the biological type of the patient's disease. Figure 33 . Presumed lymphangioma. A and B, Transverse grayscale image (A) shows a spongy-appearing hypovascular lesion (calipers in A) in the neck, which corresponds to a multiloculated T2-hyperintense infiltrative cystic lesion on a coronal fat-saturated image from neck magnetic resonance imaging (arrow in B). Fine-needle aspiration was not diagnostic; however, the magnetic resonance imaging and sonographic appearances were most consistent with a lymphangioma.The lesion remained stable at a 2-year follow-up.
